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Introduction
▼The two-hybrid system (THS), first introduced by Fields
and Song (Ref. 1), is a powerful technique for identifying
new proteins involved in specific biological processes. It al-
lows for the rapid isolation of the gene that codes for a pro-
tein that interacts with a specific protein of interest. Here,
we present not a review of the current THS technology but,
rather, a comprehensive guide designed to take the reader
through a THS screen. Readers not familiar with the THS
are asked to review (Ref. 1, 2, 3, 4, 5). Currently, there are a
number of different versions of the THS available. This ar-
ticle describes procedures useful for the ‘Fields’ THS, based
on the GAL4 transcription factor. Many of the following
protocols can be used with other versions with some mod-
ification; however, they might not be directly applicable to
the Brent Interaction Trap version because of some distinct
differences (Ref. 6).
This article is the second of three parts (see Figure 1 for
a schematic), describing the screen itself, after the prepara-
tion steps outlined in part A. Part C describes the character-
ization of putative THS positives.
B1: library transformation efficiency test
The first thing that should be done before embarking on a
large-scale screen is to perform a AD:cDNA plasmid library
transformation efficiency test. This is accomplished by
transforming increasing amounts of library plasmid DNA
into the two-hybrid yeast strain containing the BD:bait
plasmid at a 1×transformation scale. This experiment will
allow you to use the library plasmid DNA efficiently, as
well as to target a specific number of transformants for THS
screening. If the DNA concentration used for the transfor-
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mation is too high, multiple AD:cDNA library plasmids will
be transformed into a single yeast cell, making the subse-
quent analysis of two-hybrid positives more difficult (see
Section C2).
B1.1: Determining library transformation yield and efficiency
Protocol
Using the ‘standard high-efficiency transformation proto-
col’ listed in Agatep et al. (Ref. 7), transform increasing
amounts of the AD:cDNA library plasmid DNA into
your THS yeast strain containing the BD:bait plasmid at
the 1×transformation scale (e.g. 0.1 µg, 1 µg, 2 µg, 5 µg
and 10 µg of AD:cDNA library plasmid DNA). Plasmid
DNA preparations containing RNA can be estimated for
concentration from agarose gels. Dilute transformation
reactions 1:10 and then plate 10 µl and 100 µl in du-
plicate for each library plasmid quantity transformed.
Incubate the plates for 3 to 4 days at 30◦C.
Count the colonies on each set of plates to deter-
mine the transformation yield (total number of trans-
formants) as well as the transformation efficiency
(transformants/µg) for each transformation (see Table
1 for calculation formulae).
The example in Table 1 shows that, as the DNA concen-
tration increases in the transformation reaction, the trans-
formation yield increases but the transformation efficiency
decreases. It is best to scale up the transformation reaction,
rather than to increase the amount of DNA transformed,
to limit the production of transformants that contain mul-
tiple library plasmids. From this data, the DNA concentra-
tion to use for a library screen is either 1 or 2 mg for each
1×scale transformation. Performing a 30× scale-up should
produce 46×106 to 52×106 transformants with 30 to 60 mg
of AD:cDNA library plasmid DNA.
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FIGURE 1. Two-hybrid system flowchart displaying the steps requiredfor a THS screen. Begin at part A forpreparation of the library, bait geneand yeast
strain. The constructedBD:bait plasmid/yeast strain can thenbe used in part B to screen a varietyof AD:cDNA libraries. Part C lists thesteps involved in
the characterizationof putative THS positives. If lessthan 20 putative positives areobtained from part B, proceed throughparts C1 to C5. When more than
20putative positives are obtained frompart B, or when non-typical THSpositives are encountered, begin withpart C9: segregation analysis, thenproceed to
analyze true positivesemploying the protocols outlined inparts C1 to C5. Part A refers to theprotocol described in(Ref. 9) and Part C refers to that
described in (Ref. 10).
B2: The library screen
Once the tranformation yield test has been completed, a
large-scale library screen can be performed. Typically a 30×
or 60× transformation scale-up is used. However, the proto-
col has been scaled successfully up to 120×. As plating den-
sity affects transformation negatively (R. D. Gietz, unpub-
lished), we recommend using at least 50–100 large (150×15
mm) petri plates containing SC-W-L-H+3-AT medium (A).
Table 1. Transformation efficiency and yield example
µg DNA Average no. of colonies/plate Transformation yield1 Transformation efficiency2×106/µg
0.1 mg 255 255 000 2.6
1.0 mg 1545 1 545 000 1.5
2.0 mg 1765 1 765 000 0.8
5.0 mg 1894 1 894 000 0.3
10.0 mg 2019 2 019 000 0.2
20.0 mg 2208 2 208 000 0.1
Transformation yield (total transformants)=[(colonies/plate)÷(volume/plate)]×[(volume ∈ µl of total reaction)÷(dilution
factor)] In this example, for the 0.1 µg transformation the colonies/plate were 251 and 259, giving an average of 255. A
10 µl volume of a 10:1 dilution was plated and the final volume of the transformation reaction was 1000 µl. [(255
colonies/plate)÷(10µl/plate)]×[(1000µl/reaction)÷(10−1)]=255000 colonies/reaction 2Transformation efficiency
(transformants/µg)=(transformation yield)/(amount of DNA in µg)
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Freshly made plates should be allowed to dry for a few days
at room temperature to eliminate excessive condensation.
Media should also be stored in the dark to prevent a reduc-
tion in plating efficiency owing to exposure to fluorescent
lighting. Using the appropriate amount of AD:cDNA library
plasmid DNA, transform the THS yeast strain containing
the BD:bait plasmid using the methods outlined in (Ref. 7)
and plate onto medium that selects for reporter gene acti-
vation. Incubate the plates for 4–21 days at 30◦C.
Tips
Plating a 30× or 60× transformation onto 100 large plates
can take up to 30 min. Spread the plates out on a
counter top and dispense 400 µl of transformed cells
onto each plate. Using a sterile glass spreading wand,
start from the first plate and move to the last, carefully
spreading the inoculum onto the surface of the entire
plate. There is no need to re-sterilize your spreading
wand between each plate.
The use of a Petri plate turntable (Fisher Scientific, Calog
no. 08-758-10) will greatly aid plating.
Incubate plates in loosely taped Petri plate bags to reduce
drying during growth.
B3: Picking THS positives
Transformation plates should be checked for colonies af-
ter four days of incubation at 30◦C. Continue to check
the plates and pick positives every day for the first week
and then every two days for up to three weeks. When
colonies become visible they should be patched to fresh
selection plates (SC-W-L-H+3-AT) in a grid pattern. These
patched plates should be incubated at 30◦C until sufficient
growth occurs. Colonies that do not produce growth on the
patched plate after 5–7 days can be eliminated.
Tips
When picking positives be sure to select large colonies that
are actively growing. To be certain, observe the colony
growth over a number of days. Depending on the strain
and BD:bait plasmid, small colonies can usually be
found in areas of the plate containing heavy inocu-
lum. Avoid these colonies as they are usually not true
positives.
Be aware that other bacterial and fungal contaminants will
probably occur on the screening plates. Use caution
when picking from plates containing colonies with a
different coloration or texture. Plates heavily contami-
natedwith filamentous fungi producing conidia should
be discarded. Inmany cases, attempts to rescue colonies
from such plates will only further contaminate the lab-
oratory air space.
Positives should be kept onmedium that selects for reporter
gene activation and all plasmids at all times (e.g. SC-
W-L-H+3-AT plates). This ensures that the BD:bait and
AD:cDNA library plasmids encoding the interacting fu-
sion protein are maintained. In cases where a yeast
transformant contains multiple AD:cDNA library plas-
mids, this will ensure the maintenance of the correct
plasmid.
Yeast colonies maintained on medium containing 3-AT
have a reduced viability. Streak or patch to fresh plates
weekly and/or cryo-preserve your positives as soon as
possible.
B4: lacZ reporter gene activity
A good indication of a true THS positive is co-activation
of all reporter genes. The lacZ reporter can be used for this
purpose. Once positives are patched and replicated, lacZ
gene activation can be assayed. It is important to maintain
positives on medium that selects for GAL1-HIS3 reporter
activation. This will optimize the expression of fusion pro-
teins to give good levels of reporter gene activity (Ref. 8).
Assay for lacZ reporter activity using the method in Part
A3.2 (Ref. 9).
B5: Cryo-preserving the His+ lacZ+ positives.
Patched colonies that activate the lacZ reporter should be
cryo-preserved. Streak the His+ lacZ+ positives onto fresh
SC-W-L-H+3-AT plates and incubate at 30◦C for 24–48 h.
Scrape a blob of fresh inoculum using an inoculating loop
or a sterile toothpick and resuspend in 1 ml of sterile 20%
glycerol in a 1.5 ml microcentrifuge tube or cryo-tube. Store
at −70◦C. Alternatively, large numbers of positives can be
patched in a grid pattern onto 150 mm SC-W-L-H+3-AT
plates and cryo-preserved using a 96-well microtiter plate
replicator (Fisher Scientific, Calog no. 05-450-9). The repli-
cator is sterilized with ethanol and flame and cooled. It is
placed onto the grid of patched colonies to make contact
with the inoculum. The cells are scraped from the plate by
pulling the teeth of the replicator along the surface of the
agar without breaking into it. This can be repeated until suf-
ficient inoculum is deposited onto each tooth. Caremust be
taken not to cross contaminate different patches. The teeth
of the replicator containing the inoculum are then carefully
lowered into a sterile microtiter plate (Fisher Scientific, Cat-
alog nos 07-200-104 and 07-200-376), containing 150 µl
of sterile 20% glycerol in each well. The cells are washed
from the replicator teeth using a gentle rotating mixing ac-
tion. After the inoculum has been resuspended, the lid is
replaced and the plate sealed in a plastic bag and stored at
−70◦C.
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Tips
To mark the patching grid onto a plate, carefully place a
flame-sterilized replicator onto a fresh plate. This will
leave an impression of each prong for patching.
It is important to always use the original freezer stock of
your THS positives while further tests are being per-
formed.
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Appendix A. Media
Yeast extract–peptone–dextrose medium+adenine (YPAD)
Yeast extract 6 g
Peptone 12 g
Glucose 12 g
Adenine hemi-sulphate 24 mg (liquid), 48 mg (plates)
Distilled water 600 ml
Difco Bacto-agar 10 g (plates)
Sterilize by autoclaving at 121◦C for 20 min. We make 600
ml ofmedia in a 1 l flask as it is easier to handle for pour-
ing and makes exactly 20 plates (30 ml/plate×20–100
mm plates).
LB+ampicillin
Tryptone 6 g
Yeast extract 3 g
NaCl 6 g
Distilled water 600 ml
Titrate to pH 7.0 with 10N NaOH
For plates: add 10 g Difco Bacto Agar to per 600 ml volume
in each flask prior to sterilization. When cooled, add
300 µl of a 100 mg/ml stock of ampicillin.
For liquid: do not add agar; ampicillin should be added just
prior to use.
Synthetic complete medium (SC)
Difco yeast nitrogen base (without amino acids) 4 g
Glucose 12 g
Synthetic complete selection medium mix 0.4 g
Distilled water 600 ml
Difco Bacto Agar 10 g (add for agar medium)
Add ingredients to water, mix and adjust the pH to 5.6–6.0
with NaOH; autoclave at 121◦C for 20 min.
Synthetic complete selection medium mix (SC medium)1
Supplement Amount Final concentration
Adenine hemisulfate 1.8 g 30 mg/l
Arginine HCl 1.2 g 20 mg/l
Histidine HCl 1.2 g 20 mg/l
Inositol 2.0 g 33 mg/l
Isoleucine 1.8 g 30 mg/l
Leucine 1.8 g 30 mg/l
Lysine HCl 1.8 g 30 mg/l
Methionine 1.2 g 20 mg/l
p-aminobenzoic acid 0.2 g 3 mg/l
Phenylalanine 3.0 g 50 mg/l
Homoserine 6.0 g 100 mg/l
Tryptophan 2.4 g 40 mg/l
Tyrosine 1.8 g 30 mg/l
Uracil 1.2 g 20 mg/l
Valine 9.0 g 150 mg/l
1Omit the appropriate component(s), indicated in bold
type, to prepare SC-H, SC-L, SC-W, SC-W-L, and SC-W-L-H.
Combine the ingredients in a clean 250 ml plastic bottle.
Add three or four clean glass marbles and shake vigorously
to mix. This quantity will be sufficient for approximately
60 liters or 100×600 ml batches of SC medium.
M9 minus leucine prototrophy medium (M9-L)
10×M9 salts 60 ml
distilled water 540 ml
Difco Bacto-agar 10 g
Autoclave this, allow to cool until flask is warm to touch,
then add sterile:
MgSO4 (1.00 M) 0.60 ml
CaCl2 (0.10 M) 0.60 ml
Thiamine (4 mg/ml) 0.50 ml
Glucose (20% w/v) 6.00 ml
FeCl3 (0.01 M) 0.15 ml
Vitamin B1 (2 mg/ml) 0.60 ml
Depending on the geneticmarkers found in your Escherichia
coli strain, add the appropriate amino acids:
For KC8 add the following:
Histidine (2 mg/ml) 6 ml
Uracil (2 mg/ml) 6 ml
Tryptophan (2 mg/ml) 6 ml
Solutions
Z Buffer (1.0 litre) pH 7.0
NaH2PO4.H2O 13.79 g
KCl 750.00 mg
MgSO4.7H2O 246.00 mg
Titrate with 10 N NaOH to pH 7.0.
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X-GAL (5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside), 20
mg/ml
Dissolve 1.0 g of X-GAL in 50 ml of N,N-
dimethylformamide and store at −20◦C.
Z buffer/β-mercaptoethanol
This should be made fresh by adding 270 µl of β-
mercaptoethanol to 100 ml Z buffer.
Z buffer/β-mercaptoethanol/X-GAL
This should be made fresh by adding 270 µl of 2-
mercaptoethanol and 1.67 ml of X-GAL solution (20
mg/ml) to 100 ml of Z buffer.
ONPG (o-nitrophenyl-β-D-galacto-pyranoside), 4 mg/ml
Dissolve 200 mg of ONPG in 50 ml Z buffer.
Extraction buffer
50 mM HEPES pH 7.4
200 mM NaCl
10 mM ethyline diaminetetraacetic acid (EDTA)
2 mM NaVO4
10 mM NaF
5 µg/ml aprotinin
5 µg/ml leupeptin
2 µg/ml E-64
2.5 µg/ml pepstatin A
1 mM phenylmethylsulfonyl fluoride (PMSF)
TBST Buffer
20 mM Tris-HCl pH 7.5
200 mM NaCl
0.1% Tween 20
Add 5% (w/v) skim milk powder just before use.
SDS-loading buffer
3% w/v sodium dodecyl sulfate
62.5 mM Tris pH 6.8
720 mM β-mercaptoethanol
10% v/v glycerol
0.125% (w/v) bromophenol blue
TE buffer
10 mM Tris-Cl pH 8.0
1 mM EDTA pH 8.0
Yeast lysis buffer
10 mM Tris-Cl pH 8.0
100 mM NaCl
1 mM EDTA
2% (v/v) Triton X-100
1% (w/v) sodium dodecyl sulfate (SDS)
M9 Salts (10×)
Na2HPO4 60 g
KH2PO4 30 g
NaCl 5 g
NH4Cl 10 g
Bring up to 1 l with distilled water and autoclave.
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Products Used
petri plate turntable: petri plate turntable from
Fisher Scientific UK Ltd
sterile microtiter plate: sterile microtiter plate
from Fisher Scientific UK Ltd
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